Lymph node yield is a key factor in enabling the accurate determination of prognosis in colorectal cancer patients. The Royal College of Pathologists guidelines state a "minimum" recommended mean number of 12 lymph nodes. In this study of 391 patients, the authors aim to determine the optimal node counts in patients with colorectal cancer, examine for correlations between maximum tumor diameter and lymph node yield, and examine for correlations between lymph node yield and involved node numbers. Furthermore, the authors aim to examine the impact of specimen type on the harvested node numbers and assess whether the personal differences between surgeons and pathologists have significant influence on node yield. A moderate positive correlation between maximum tumor diameter and final lymph node yield was noted (Spearman's correlation coefficient = .328, P = .0001). There was significant variation shown by pathologists (Kruskal-Wallis test P = .001) and by differing specimen type (Kruskal-Wallis test P = .029) on the lymph node yield.
Introduction
Colorectal cancer is the third most common cancer in the United Kingdom; in 2007, approximately 38 608 people were diagnosed with this neoplasm in the United Kingdom. 1 Once the diagnosis has been made, it is vital that accurate staging is carried out following lymph node retrieval. The lymph node status indicates postoperative treatment strategies and predicts likely prognosis. The Royal College of Pathologists state that there is a "reasonable evidence base to suggest that the mean harvest of lymph nodes should be at least 12." 2 They also highlight that other key prognostic factors are the frequency of serosal involvement and extramural vascular invasion. The guidelines state clearly that the number of lymph nodes is of particular importance. Previous studies have also suggested the mean number should be in the region of 12; however, some have presented the recommendations as a range. Some studies have shown the median lymph node yield across UK centers to range from 5.5 to 21.3. 3, 4 It is significantly debated as to whether a fixed figure can be set; however, departmental thresholds above 12 could perhaps be possible to further accuracy. Previous work has highlighted potential thresholds, with a study stating that if there are less than 4 involved lymph nodes and less than 12 lymph nodes in total, additional nodes should be retrieved. [4] [5] [6] [7] [8] An exploratory study stated that "there is a perceived lack of evidence for the need to examine at least 12 LNs." 9 Such beliefs are clearly affecting both surgeons and histopathologists; hence, this study endeavors to provide a departmental analysis of lymph node yield and related correlations. Furthermore, it has been well documented that lymph node staging can be influenced by the technique of the surgeon as well as the histopathologist. 10 Therefore, the study also aims to examine if any impact is exerted by these factors, potentially adding to current perspectives. We also add a further dimension by examining if the specimen type also has an impact.
The literature states that piecemeal and palliative resections yield fewer lymph nodes than curative-intent procedures, and this has been apportioned to less nodal tissue and mesenteric fat being present. We aim to examine if the department exhibits similar findings and also if there are any correlations in curative-intent procedures. 10 In the ACPGBI study, the highest mean lymph yields were found in curative-intent procedures (namely, right hemicolectomy and subtotal colectomies). 11 A review on the subject suggested that an "optimal number of lymph nodes" is unlikely to exist and depends on a variety of factors. 12 It is therefore important for the department to examine cases and aim to draw comparisons against current guidelines.
Patients and Methods
This study was a retrospective audit carried out on 391 patients who underwent colorectal surgery at the Norfolk and Norwich University Hospital (NNUH), James Paget Foundation Trust (JPUH), or the Spire Hospital in 2009. Original histopathology reports were recovered from archives and examined for the following core data items (majority in line with RCPath Guidelines with some additions):
• Within the study there were 19 colorectal surgeons and 20 histopathologists (including registrars reporting as individuals in conjunction with consultants). The difference between stage pN1 and pN2 was defined by number of lymph nodes involved (as per guidelines), with pN1 = 1 to 3 nodes and pN2 = 4+ nodes. Maximum tumor diameter (mm) was measured on the luminal aspect of the bowel (thickness if ignored for this measurement). 2 Other measures examined were extramural vascular invasion frequency and also variation between the source hospitals. These are elements that are suggested by the RCPath Guidelines to be of interest.
In the study no patients were excluded, as all data fields were filled following in-depth searching of records and analysis of original documentation.
Statistical Analysis
Correlations were drawn between maximum tumor diameter (mm) and final lymph node yield. This was computed and a scatter graph was created, and from which a Spearman's correlation coefficient was calculated for nonparametric data. Furthermore, correlations were drawn between final lymph node yield and involved lymph node count (152 of the total 391 specimens had involved nodes). These data were also plotted onto a scatter graph and subsequently analyzed using Spearman's correlation coefficient. P Values were tested for significance at the 95% confidence interval (in some cases 99% also). Following plotting of final lymph node yield against involved lymph nodes, we decided to highlight the threshold at which 4 positive lymph nodes could be attained (to differentiate pN1 from pN2). This figure that was gathered was then subsequently compared with departmental mean and also crossanalyzed against the second attempt data that were gathered (8 of 391 specimens underwent a second attempt). The interquartile range was also calculated from the raw data values. Furthermore, comparisons were also made using Kruskal-Wallis test (nonparametric test) to investigate for any variation in lymph node yield by surgeon, specimen type, and macro pathologist used. As we were analyzing for variance, and utilizing means from raw data, we decided to remove operations, surgeons, and macro pathologists who conducted only 1 procedure/analysis. All scatter graphs were produced using Microsoft Excel 2003, and all statistical analyses were conducted using SPSS Version 16.0.
Results
In the study is a retrospective analysis of colorectal cancer patients who underwent excision surgery in calendar year 2009. The maximum tumor diameter (mm) was measured for all 391 specimens and was correlated with final lymph node yield. Figure 1 highlights the correlation.
Following this a Spearman's correlation coefficient calculation was conducted on nonparametric data (see Table 1 ), which showed a moderate positive correlation between maximum tumor diameter and final lymph node yield (Spearman's correlation coefficient = .328, P = .0001).
The next step was to investigate any relationship between final lymph node yield and involved node number. Figure 2 shows the correlation.
This correlation was investigated statistically using Pearson's correlation coefficient (see Table 2 ) and highlighted a weakly positive correlation between final lymph node count and involved lymph node count (Spearman's correlation coefficient = .168, P = .039). In Figure 2 , two thresholds have been highlighted. The first indicates the minimum yield suggested by the RCPath guidelines and the second is the theoretical threshold suggested from the findings in this study. These are of particular importance and are made reference to during comments on the second attempt data. Following this, it was important to investigate whether there was any variation in lymph node yield by specimen type (ie, operation conducted-left hemicolectomy or AP resection, etc). Table 3 shows the variation and also numbers of each specimen type included in the study.
The findings were that the mean average lymph node yield when based on specimen type was 12.00 nodes. There were outliers (piecemeal resection and TME); however, the majority were aggregated around the suggested 12 nodes threshold. The departmental average for histopathologists was calculated to be at 14.82, which falls just below the theoretical threshold in Figure 2 .
Three further aspects of the study to mention are the second attempts data, extramural vascular invasion data, and variation between the 3 hospitals (NNUH, JPUH, and Spire/Other).
The second attempts data should be examined with reference to Figure 1 . Only 1 of the second attempts (there were 8 in total, which was 2% of all specimens) exhibited a change in staging following the attempt. The stage was changed from pN1 to pN2 in this example. The first attempt yielded 11 nodes (3 involved) and the second attempt yielded 4 more nodes (all 4 involved); subsequently, the threshold hypothesized in Figure 2 was exceeded and the staging was changed. The remaining 7 second attempts were not near the threshold and had no impact on staging.
The RCPath guidelines require that the "frequency of extramural vascular invasion is at least 25%." The studied reports showed that 122 of 391 (31%) of all specimens had extramural vascular invasion. Last, the variances and the interquartile range were calculated. The interquartile range (Table 4 ) was 7 (from 16 to 9). This result includes the suggested RCPath guidelines value. The variance was calculated using the Kruskal-Wallis test for nonparametric data. There was no variation shown by differing surgeons (Table 5 ; Kruskal-Wallis test P = .589) on lymph node yield. However, there was a variation shown by pathologists ( Table 6 ; Kruskal-Wallis test P = .001) on lymph node yield. There was also a significant variation shown by specimen type ( Table 7 ; Kruskal-Wallis test P = .029) on lymph node yield. The colectomy and TME specimens produced the highest average lymph node yields (16.33 and 17.0, respectively). The lowest yields were from AP resections (if piecemeal and palliative resections are not considered). 
Discussion
This study has found that there is a potential threshold of which lymph node numbers should meet to enable confident differentiation between pN1 and pN2 stage tumors. This figure stands at 15, and the histopathologists' average lymph node yield within the department was 14.82, which falls just below this threshold. This could indicate a need for a slight increase in lymph node yields to enable increased differentiation of pN1 and pN2 malignancies. This evidence is important as it relates to previous studies that state that as lymph node harvests increase nearer to 15 per patient, overall probabilities for identifying involved (metastatic) nodes increases. 13 Furthermore, we have shown a clear positive correlation between maximum tumor diameter (mm) and final lymph node yield. The weak positive correlation between final lymph node yield and involved node number warrants further investigation but provides a platform for this. The study has shown variation between surgical specimen types and lymph node yield and provides a basis for further examination in future years. Overall, the study highlighted that the department has met RCPath guidelines on reporting and perhaps has suggested that departmental averages may need to exceed the minimum by certain increments to enable statistically accurate histopathological differentiation for staging. This suggests that departments could incorporate a similar methodology into future audits to calculate their own threshold. Baxter et al 14 have previously stated that "local surgical and pathology practice patterns may affect adequacy of lymph node evaluation." This study provides evidence that supports such a conclusion.
The study also provides evidence that the type of specimen does have an influence on yield, that is, a larger maximum tumor diameter also leads to a larger final node yield. A larger final node yield could enable a higher chance of involved node discovery, and in the case of N2, which requires 4 or more involved nodes, it is shown in this study that at least 15 nodes are required.
The specimen type results correlate with previous research. Both piecemeal and palliative resections yielded the lowest lymph node numbers. 10 Furthermore our results also highlight that a right hemicolectomy procedure yields more nodes than a left hemicolectomy (13.64 vs 12.67, respectively). An explanation offered by Shen et al 7 is that larger quantities of nodes aggregate around the ileocaecal region than in the mid-, left sigmoid colon. Previous work suggests that "standardization of both the quality of pathology and quality of surgery are essential to stage and treat colorectal cancer optimally." 15, 16 This study highlights the need for departments to standardize procedures based on internal statistics, generated on an annual basis.
Conclusion
We have shown that there is a departmental threshold for differentiating stages of tumor progression. Furthermore, an example second attempt highlighted that the threshold was significant. Our P values significant at the 95% confidence interval (and in some cases 99% confidence interval) have enabled demonstration of correlations between maximum tumor diameter (mm) and final lymph node yield and also lymph node yield and involved node counts. The study also presents evidence that there is variation in lymph node yield following different types of surgeries being conducted (specimen type) and also the cut-up performed by different pathologists. We suggest that further retrospective and prospective studies are required to validate this potential threshold and also to investigate the positive correlations.
